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FOREWORD

The National Toxicology Program (NTP) is made up of four charter agencies of the U.S. Department of Health and
Human Services (DHHS): the National Cancer Institute (NCI), National Institutes of Health; the National Institute
of Environmental Health Sciences (NIEHS), National Institutes of Health; the National Center for Toxicological
Research (NCTR), Food and Drug Administration; and the National Institute for Occupational Safety and Health
(NIOSH), Centers for Disease Control and Prevention. In July 1981, the Carcinogenesis Bioassay Testing
Program, NCI, was transferred to the NIEHS. The NTP coordinates the relevant programs, staff, and resources
from these Public Health Service agencies relating to basic and applied research and to biological assay
development and validation.

The NTP develops, evaluates, and disseminates scientific information about potentially toxic and hazardous
chemicals. This knowledge is used for protecting the health of the American people and for the primary
prevention of disease.

The studies described in this Technical Report were performed under the direction of the NIEHS and were
conducted in compliance with NTP laboratory health and safety requirements and must meet or exceed all
applicable federal, state, and local health and safety regulations. Animal care and use were in accordance with the
Public Health Service Policy on Humane Care and Use of Animals. The prechronic and chronic studies were
conducted in compliance with Food and Drug Administration (FDA) Good Laboratory Practice Regulations, and
all aspects of the chronic studies were subjected to retrospective quality assurance audits before being presented for
public review.

These studies are designed and conducted to characterize and evaluate the toxicologic potential, including
carcinogenic activity, of selected chemicals in laboratory animals (usually two species, rats and mice). Chemicals
selected for NTP toxicology and carcinogenesis studies are chosen primarily on the bases of human exposure, level
of production, and chemical structure. The interpretive conclusions presented in this Technical Report are based
only on the results of these NTP studies. Extrapolation of these results to other species and quantitative risk
analyses for humans require wider analyses beyond the purview of these studies. Selection per se is not an
indicator of a chemical’s carcinogenic potential.

Details about ongoing and completed NTP studies are available at the NTP’s World Wide Web site:
http://ntp-server.niehs.nih.gov. Abstracts of all NTP Technical Reports and full versions of the most recent reports
and other publications are available from the NIEHS’ Environmental Health Perspectives (EHP)
http://ehp.niehs.nih.gov (866-541-3841 or 919-653-2590). In addition, printed copies of these reports are available
from EHP as supplies last. A listing of all the NTP Technical Reports printed since 1982 appears at the end of this
Technical Report.
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SUMMARY

Background

Elmiron® is used as a drug for the relief of urinary bladder pain associated with interstitial cystitis. We studied the
effects of Elmiron® on male and female rats and mice to identify potential toxic or cancer-related hazards to
humans.

Methods

We dissolved Elmiron® in deionized water and gave it to groups of male and female rats and mice by depositing it
directly into their stomachs through a tube, 5 days a week for 2 years. Each study had four groups of 50 animals;
three groups received different doses of Elmiron® and the fourth group, the controls, received only water. Tissues
from more than 40 sites were examined for every animal.

Results

Elmiron® had no effect on the body weight or survival of male or female rats and did not result in any increase in
tumors. Male and female mice receiving the highest daily dose of Elmiron® (500 milligrams of Elmiron® per
kilogram of body weight) had more liver tumors than did the other groups of mice. Elmiron® caused
inflammation of the rectum in male and female rats and mice at the highest dose.

Conclusions

We conclude that Elmiron® did not cause cancer in male or female rats. Elmiron® caused liver tumors
(hemangiosarcomas) in male and female mice. An increase in malignant lymphomas in female mice might have
been related to Elmiron®.
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ABSTRACT

NaO,S0

0SO,Na

Na0,S0

ELMIRON®

CAS No. 37319-17-8

Chemical Formula: H-[C,,H;,05(0SO;Na),] -H (where n=2 to 12)

Molecular Weight: 1,500 to 5,000

Synonyms: PZ68; pentosan polysulfate sodium; sodium xylan polysulfate; xylan hydrogen sulfate, sodium salt
Trade names: Cartrophen, Fibrase, Fibrezym, Hémoclor, SP-54, Thrombocid

Elmiron®, a white powder, is the sodium salt of pentosan
polysulfate, a semisynthetic sulfated polyanion com-
posed of B-D-xylopyranose residues with biological
properties similar to heparin. Elmiron® is used in the
United States for the relief of urinary bladder pain asso-
ciated with interstitial cystitis. Because of its stimulat-
ing effect on fibrinolysis, Elmiron® has been used
clinically in the treatment and prevention of thrombotic
disorders. = The United States Food and Drug
Administration nominated Elmiron® for toxicology and
carcinogenicity testing by the National Toxicology
Program because of its orphan drug status. Male and
female F344/N rats and B6C3F, mice received
Elmiron®, which met product specifications provided by
the manufacturer, in deionized water by gavage for
2 weeks, 3 months, or 2 years. Genetic toxicology stud-
ies were conducted in Salmonella typhimurium, rat and
mouse bone marrow cells, and mouse peripheral blood
erythrocytes.

2-WEEK STUDY IN RATS

Groups of five male and five female rats were adminis-
tered 0, 33, 111, 333, 1,000, or 3,000 mg Elmiron®/kg

body weight in deionized water by gavage, 5 days per
week, for 16 days. Elmiron® administration had no
effect on survival or body weight gain. Activated partial
thromboplastin time was significantly increased in
3,000 mg/kg rats. Liver weights of 3,000 mg/kg rats
were significantly greater than those of the vehicle con-
trols. Hepatocellular cytoplasmic vacuolization
occurred in all 3,000 mg/kg females.

2-WEEK STUDY IN MICE

Groups of five male and five female mice were adminis-
tered Elmiron® in deionized water by gavage at doses of
0, 33, 111, 333, 1,000, or 3,000 mg/kg, 5 days per week,
for 16 days. All mice survived to the end of the study.
Mean body weight gains of male mice administered
333 mg/kg or greater were significantly greater than that
of the vehicle control group. Liver weights of 1,000 and
3,000 mg/kg males were significantly increased.

3-MONTH STUDY IN RATS

Groups of 10 male and 10 female rats were administered
Elmiron® in deionized water by gavage at doses of 0, 63,



125, 250, 500, or 1,000 mg/kg, 5 days per week, for
14 weeks. No deaths were attributed to administration of
Elmiron®. Mean body weights of 125 mg/kg males were
less than those of vehicle controls and the mean body
weights of all dosed groups of females were greater.
Hematology results indicated that Elmiron®, at the doses
selected, induced a minimal erythron decrease and
leukocyte and platelet count increases that may have
been secondarily related to the inflammatory lesions
observed in various tissues of rats. Liver and spleen
weights of males administered 250 mg/kg or greater
were significantly increased. Liver weights of all dosed
groups of females and kidney, lung, and spleen weights
of 1,000 mg/kg females were significantly increased.
Histiocytic cellular infiltration, chronic active inflamma-
tion, and ulcers of the rectum occurred in most 500 and
1,000 mg/kg rats. Administration of Elmiron® was asso-
ciated with the presence of vacuolated histiocytes in the
mandibular and mesenteric lymph nodes, lung, kidney,
and liver of male and female rats. Histochemical inves-
tigations of the vacuolated histiocytes indicated the pres-
ence of neutral and acidic mucins and lipid material
within the vacuoles. Transmission electron microscopy
identified these vacuoles as lysosomal structures that
exhibited a variety of contents.

3-MoNTH STUDY IN MICE

Groups of 10 male and 10 female mice were adminis-
tered Elmiron® in deionized water by gavage at doses of
0, 63, 125, 250, 500, or 1,000 mg/kg, 5 days per week,
for 14 weeks. One 250 mg/kg female mouse was sacri-
ficed moribund on day 84; all other mice survived to the
end of the study. Mean body weights of dosed groups
were similar to those of the vehicle control groups.
Hematology results indicated that Elmiron®, at the doses
selected, induced a minimal erythron decrease and
leukocyte and platelet count increases that may have
been secondarily related to the inflammatory lesions
observed in various tissues of mice. Liver weights of
500 mg/kg males and 1,000 mg/kg males and females
and spleen weights of 1,000 mg/kg males were signifi-
cantly increased. Histiocytic cellular infiltration and
chronic active inflammation of the rectum occurred in
most 1,000 mg/kg mice. Administration of Elmiron®
was associated with the presence of vacuolated histio-
cytes in the mandibular and mesenteric lymph nodes,
liver, and spleen of males and females. Histochemical
investigations of the vacuolated histiocytes indicated the
presence of neutral and acidic mucins within the vac-
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uoles. Transmission electron microscopy identified
these vacuoles as lysosomal structures that exhibited a
variety of contents.

2-YEAR STUDY IN RATS

Groups of 50 males and 50 females were administered
Elmiron® in deionized water by gavage at doses of 0, 14,
42, or 126 mg/kg to males and 0, 28, 84, or 252 mg/kg
to females, 5 days per week, for 104 or 105 weeks.
Survival of all dosed groups of rats was similar to that of
the vehicle control groups. Mean body weights of all
dosed groups were similar to those of the vehicle con-
trols throughout the 2-year study.

Microscopically, myxomatous changes were present in
the rectum of 56% of 126 mg/kg males and 83% of
252 mg/kg females. The incidences of chronic active
focal alveolar inflammation of the lung were increased
in all dosed groups. The incidences of histiocytic cellu-
lar infiltration of the mesenteric lymph nodes were
increased in 42 and 126 mg/kg males and in 84 and
252 mg/kg females, and lymphohistiocytic hyperplasia
was present in the spleen of 126 mg/kg males and
252 mg/kg females.

2-YEAR STUDY IN MICE

Groups of 50 males and 50 females were administered
Elmiron® in deionized water by gavage at doses of 0, 56,
168, or 504 mg/kg, 5 days per week, for 104 or
105 weeks. Survival of all dosed groups of mice was
similar to that of the vehicle control groups. Mean body
weights of males were similar to those of vehicle con-
trols. Mean body weights of 504 mg/kg females were
progressively less than those of the vehicle controls dur-
ing the second year of the study.

Increased incidences of hemangiosarcomas of the liver
and hepatocellular neoplasms were observed in male and
female mice. The incidences of hemangiosarcomas in
the 504 mg/kg groups exceeded the historical control
ranges for males and females; both the trend and the
incidence in the 504 mg/kg groups were significant for
males. Hemangiosarcomas in males and females were
attributed to Elmiron® administration. The incidence of
hepatocellular adenoma in 504 mg/kg females was
significantly increased and exceeded the historical con-
trol range; the trends for hepatocellular adenoma and for
hepatocellular adenoma or carcinoma (combined) were
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also significant in females and were attributed to
Elmiron® administration. There was also a marginal
increase in the incidences of hepatocellular neoplasms in
male mice, which may have been associated with
Elmiron® administration.

Malignant lymphomas occurred with a positive trend in
female mice; the incidence in the 504 mg/kg group was
also significantly increased and matched the upper limit
of the historical control range. These malignant lym-
phomas may have been associated with Elmiron®
administration.

Nonneoplastic lesions related to the administration of
Elmiron® occurred in the liver, rectum, mesenteric
lymph node, and spleen of 504 mg/kg mice and to a
lesser extent in 168 mg/kg mice. These lesions were
similar to those observed in the 3-month study.

GENETIC TOXICOLOGY

Elmiron® was not mutagenic in S. typhimurium strains
TA97, TA98, TA100, or TA1535 with or without
induced hamster or rat liver S9 enzymes. No increases
in the frequency of micronucleated polychromatic
erythrocytes were seen in bone marrow cells of rats or
mice administered Elmiron® by gavage three times at
24-hour intervals. No significant alterations in the

frequency of micronucleated normochromatic erythro-
cytes were seen in peripheral blood samples from male
or female mice administered Elmiron® for 3 months by
gavage.

CONCLUSIONS

Under the conditions of these 2-year gavage studies,
there was no evidence of carcinogenic activity* of
Elmiron® in male F344/N rats administered 14, 42, or
126 mg/kg or in female F344/N rats administered 28, 84,
or 252 mg/kg. There was some evidence of carcinogenic
activity of Elmiron® in male B6C3F, mice based on
increased incidences of liver hemangiosarcoma. The
increased incidences of hepatocellular neoplasms in
male mice may have been related to Elmiron® adminis-
tration. There was some evidence of carcinogenic activ-
ity of Elmiron® in female B6C3F, mice based on the
increased incidences of liver hemangiosarcoma and
hepatocellular neoplasms. The increased incidences of
malignant lymphomas in female mice may have been
related to Elmiron® administration.

Elmiron® administration caused increased incidences of
nonneoplastic lesions (presence of vacuolated histio-
cytes) of the rectum, lung, mesenteric lymph node, and
spleen (males) in rats and of the liver, rectum, mesenteric
lymph node, and spleen in mice.

* Explanation of Levels of Evidence of Carcinogenic Activity is on page 11. A summary of the Technical Reports Review Subcommittee
comments and the public discussion on this Technical Report appears on page 13.
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Summary of the 2-Year Carcinogenesis and Genetic Toxicology Studies of Elmiron®

Male
F344/N Rats

Female
F344/N Rats

Male
B6C3F, Mice

Female
B6C3F, Mice

Doses in deionized
water by gavage

Body weights

Survival rates

Nonneoplastic effects

Neoplastic effects

Equivocal findings

Level of evidence of
carcinogenic activity

Genetic toxicology

0, 14, 42, or 126 mg/kg

Dosed groups similar to
the vehicle control group

26/50, 29/50, 25/50, 28/50

Large intestine, rectum:

0, 28, 84, or 252 mg/kg

Dosed groups similar to
the vehicle control group

30/50, 31/50, 28/50, 27/50

Large intestine, rectum:

myxomatous change (0/48,
1/48, 3/49, 25/45)
infiltration cellular,
histiocyte (0/48, 0/48,
0/49, 4/45)

Lung: alveolus,
inflammation, chronic
active, focal (0/50, 6/50,
11/50, 14/50)

Lymph node, mesenteric:

myxomatous change (0/46,
1/43, 12/44, 35/42)
infiltration cellular,
histiocyte (0/46, 0/43,
0/44, 18/42)

Lung: alveolus,
inflammation, chronic
active, focal (2/50, 25/50,
27/50, 34/50)

Lymph node, mesenteric:

infiltration cellular,
histiocyte (1/50, 1/50,
18/50, 39/49)

Spleen: lymphohistiocytic
hyperplasia (2/50, 2/50,
2/50, 8/50)

None

None

No evidence

Salmonella typhimurium gene mutations:

infiltration cellular,
histiocyte (0/50, 3/50,
27/50, 42/49)

None

None

No evidence

0, 56, 168, or 504 mg/kg

Dosed groups similar to
the vehicle control group

39/50, 40/50, 38/50, 30/50

Liver: inflammation,
chronic (11/50, 15/50,
23/50, 33/50)

Large intestine, rectum:
inflammation, chronic
active (0/49, 0/47, 1/46,
8/44); necrosis (0/49, 0/47,
0/46, 5/44); metaplasia,
squamous (0/49, 0/47, 0/46,
5/44); infiltration cellular,
histiocyte (0/49, 0/47, 0/46,
6/44); myxomatous change
(0/49, 0/47, 0/46, 13/44)
Lymph node, mesenteric:
infiltration cellular,
histiocyte (0/48, 15/46,
34/45, 37/41)

Spleen: infiltration
cellular, histiocyte (0/49,
1/50, 1/49, 23/49)

Liver: hemangiosarcoma
(2/50, 0/50, 4/50, 9/50)

Liver: hepatocellular
adenoma or carcinoma
(23/50, 23/50, 26/50,
31/50)

Some evidence

0, 56, 168, or 504 mg/kg

504 mg/kg group less than
the vehicle control group

37/50, 38/50, 37/50, 34/50

Liver: clear cell focus
(0/50, 4/49, 1/50, 21/49)
Large intestine, rectum:
inflammation, chronic active
(0/45, 0/45, 2/44, 32/46);
necrosis (0/45, 0/45, 1/44,
24/46); metaplasia,
squamous (0/45, 0/45, 1/44,
26/46); infiltration cellular,
histiocyte (0/45, 0/45, 2/44,
10/46); myxomatous change
(0/45, 3/45, 21/44, 31/46)
Lymph node, mesenteric:
infiltration cellular,
histiocyte (0/47, 23/44,
35/42, 25/45)

Spleen: infiltration cellular,
histiocyte (0/47, 3/48,
12/47, 28/46)

Liver: hemangiosarcoma
(1/50, 1/49, 1/50, 4/49),
hepatocellular adenoma
(7/50, 5/49, 4/50, 15/49);
hepatocellular adenoma or
carcinoma (10/50, 8/49,
9/50, 18/49)

All Organs: malignant
lymphoma (7/50, 8/50, 6/50,

16/50)

Some evidence

Negative in strains TA97, TA98, TA100, and TA1535 with and without S9

Micronucleated erythrocytes
Rat bone marrow in vivo:
Mouse bone marrow in vivo:
Mouse peripheral blood in vivo:

Negative
Negative
Negative
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EXPLANATION OF LEVELS OF EVIDENCE OF CARCINOGENIC ACTIVITY

The National Toxicology Program describes the results of individual experiments on a chemical agent and notes the strength of the evidence for
conclusions regarding each study. Negative results, in which the study animals do not have a greater incidence of neoplasia than control
animals, do not necessarily mean that a chemical is not a carcinogen, inasmuch as the experiments are conducted under a limited set of
conditions. Positive results demonstrate that a chemical is carcinogenic for laboratory animals under the conditions of the study and indicate
that exposure to the chemical has the potential for hazard to humans. Other organizations, such as the International Agency for Research on
Cancer, assign a strength of evidence for conclusions based on an examination of all available evidence, including animal studies such as those
conducted by the NTP, epidemiologic studies, and estimates of exposure. Thus, the actual determination of risk to humans from chemicals
found to be carcinogenic in laboratory animals requires a wider analysis that extends beyond the purview of these studies.

Five categories of evidence of carcinogenic activity are used in the Technical Report series to summarize the strength of the evidence observed
in each experiment: two categories for positive results (clear evidence and some evidence); one category for uncertain findings (equivocal
evidence); one category for no observable effects (no evidence); and one category for experiments that cannot be evaluated because of major
flaws (inadequate study). These categories of interpretative conclusions were first adopted in June 1983 and then revised in March 1986 for
use in the Technical Report series to incorporate more specifically the concept of actual weight of evidence of carcinogenic activity. For each
separate experiment (male rats, female rats, male mice, female mice), one of the following five categories is selected to describe the findings.
These categories refer to the strength of the experimental evidence and not to potency or mechanism.

» Clear evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a dose-related
(i) increase of malignant neoplasms, (ii) increase of a combination of malignant and benign neoplasms, or (iii) marked increase of
benign neoplasms if there is an indication from this or other studies of the ability of such tumors to progress to malignancy.

* Some evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a chemical-related increased
incidence of neoplasms (malignant, benign, or combined) in which the strength of the response is less than that required for clear
evidence.

» Equivocal evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing a marginal increase of
neoplasms that may be chemical related.

* No evidence of carcinogenic activity is demonstrated by studies that are interpreted as showing no chemical-related increases in
malignant or benign neoplasms.

» Inadequate study of carcinogenic activity is demonstrated by studies that, because of major qualitative or quantitative limitations,
cannot be interpreted as valid for showing either the presence or absence of carcinogenic activity.

For studies showing multiple chemical-related neoplastic effects that if considered individually would be assigned to different levels of evidence
categories, the following convention has been adopted to convey completely the study results. In a study with clear evidence of carcinogenic
activity at some tissue sites, other responses that alone might be deemed some evidence are indicated as “were also related” to chemical
exposure. In studies with clear or some evidence of carcinogenic activity, other responses that alone might be termed equivocal evidence are
indicated as “may have been” related to chemical exposure.

When a conclusion statement for a particular experiment is selected, consideration must be given to key factors that would extend the actual
boundary of an individual category of evidence. Such consideration should allow for incorporation of scientific experience and current
understanding of long-term carcinogenesis studies in laboratory animals, especially for those evaluations that may be on the borderline between
two adjacent levels. These considerations should include:

* adequacy of the experimental design and conduct;

* occurrence of common versus uncommon neoplasia;

+ progression (or lack thereof) from benign to malignant neoplasia as well as from preneoplastic to neoplastic lesions;

» some benign neoplasms have the capacity to regress but others (of the same morphologic type) progress. At present, it is impossible to

identify the difference. Therefore, where progression is known to be a possibility, the most prudent course is to assume that benign

neoplasms of those types have the potential to become malignant;

combining benign and malignant tumor incidence known or thought to represent stages of progression in the same organ or tissue;

* latency in tumor induction;

multiplicity in site-specific neoplasia;

* metastases;

 supporting information from proliferative lesions (hyperplasia) in the same site of neoplasia or in other experiments (same lesion in
another sex or species);

* presence or absence of dose relationships;

« statistical significance of the observed tumor increase;

 concurrent control tumor incidence as well as the historical control rate and variability for a specific neoplasm;

* survival-adjusted analyses and false positive or false negative concerns;

* structure-activity correlations; and

* in some cases, genetic toxicology
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NATIONAL TOXICOLOGY PROGRAM BOARD OF SCIENTIFIC COUNSELORS
TECHNICAL REPORTS REVIEW SUBCOMMITTEE

The members of the Technical Reports Review Subcommittee who evaluated the draft NTP Technical Report on Elmiron® on

September 5, 2002, are listed below. Subcommittee members serve as independent scientists, not as representatives of any institution, company,
or governmental agency. In this capacity, subcommittee members have five major responsibilities in reviewing the NTP studies:

« to ascertain that all relevant literature data have been adequately cited and interpreted,

* to determine if the design and conditions of the NTP studies were appropriate,

« to ensure that the Technical Report presents the experimental results and conclusions fully and clearly,
* to judge the significance of the experimental results by scientific criteria, and

 to assess the evaluation of the evidence of carcinogenic activity and other observed toxic responses.
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Brown University Merck Research Laboratories
Providence, RI West Point, PA
Michael R. Elwell, D.V.M., Ph.D. Mary Anna Thrall, D.V.M.
Pfizer, Inc. Department of Pathology
Groton, CT College of Veterinary Medicine and Biomedical Sciences
Colorado State University
Shuk-Mei Ho, Ph.D., Principal Reviewer Fort Collins, CO
Department of Surgery, Division of Urology
University of Massachusetts Medical School Mary Vore, Ph.D.
Worcester, MA Graduate Center for Toxicology
University of Kentucky
James E. Klaunig, Ph.D., Principal Reviewer Lexington, KY
Division of Toxicology
Department of Pharmacology and Toxicology Cheryl Lyn Walker, Ph.D.
Indiana University School of Medicine M.D. Anderson Cancer Center
Indianapolis, IN The University of Texas

Smithville, TX
Walter W. Piegorsch, Ph.D.
Department of Statistics

University of South Carolina
Columbia, SC



Elmiron®, NTP TR 512

13

SUMMARY OF TECHNICAL REPORTS REVIEW SUBCOMMITTEE COMMENTS

On September 5, 2002, the draft Technical Report on the
toxicology and carcinogenesis studies of Elmiron®
received public review by the National Toxicology
Program’s Board of Scientific Counselors’ Technical
Reports Review Subcommittee. The review meeting
was held at the National Institute of Environmental
Health Sciences, Research Triangle Park, NC.

Dr. K.M. Abdo, NIEHS, introduced the toxicology and
carcinogenesis studies of Elmiron® by describing the
therapeutic uses and mechanisms of the drug, the design
and dose selection for the gavage studies, the survival
and body weight effects, and the compound-related neo-
plastic and nonneoplastic lesions in rats and mice. The
proposed conclusions for the 2-year gavage studies were
no evidence of carcinogenic activity of Elmiron® in male
F344/N rats administered 14, 42, or 126 mg/kg or in
female F344/N rats administered 28, 84, or 252 mg/kg
and some evidence of carcinogenic activity of Elmiron®
in male and female B6C3F, mice. The increased inci-
dences of malignant lymphomas may have been related
to Elmiron® administration.

Dr. Klaunig, the first principal reviewer, asked if the
occurrence of hemangiosarcomas in male mice might
have been related to changes in hemosiderin, hemolysis,
or to macrophages. He also asked if there was any rela-
tionship between the hemangiosarcomas and lysosomal
storage malfunction. He noted that the liver neoplasms
in female mice were predominantly adenomas.

Dr. Ho, the second principal reviewer, asked for clarifi-
cation of the interpretive conclusion for the lymphomas
in female mice.

Dr. Roberts, the third principal reviewer, asked if the
strength of evidence of the hemangiosarcomas in female
mice contributed to the call of some evidence.

Dr. Abdo replied that neither hemolysis nor hemosiderin
deposition were observed. Dr. A. Nyska, NIEHS, said
that while some inflammation was seen in the livers of
mice, it was not of sufficient severity to contribute to
tumor formation. He noted that other sulfated polysac-
charides that induced a similar type of histiocytic infil-
tration induced tumors in the large intestine, an effect not
seen in the present study. Explaining the rationale for
the conclusions, Dr. J.K. Haseman, NIEHS, noted that

hemangiosarcomas are very uncommon tumors in
female mice, and their association with chemical admin-
istration was supported by a similar effect in the males.
The lymphomas, where the incidences were also of bor-
derline statistical significance with a highly variable
background rate, were considered equivocal evidence in
part because no corresponding increase was seen in the
males. Dr. J.R. Hailey, NIEHS, added that these rapidly
developing tumors did not spread to other organs any
more in the exposed animals than in the control groups.

Dr. Elwell noted that the few hemangiomas were not
included with hemangiosarcomas for analysis, though in
some other studies these tumors were pooled. Dr. Nyska
replied that the three hemangiosarcomas observed in the
top dose group of female mice occurred in organs other
than the liver, so in this case combining them for analy-
sis may not have been appropriate. Dr. Hailey added that
in studies in which vascular tumors increased, the vast
majority were hemangiosarcomas.

Dr. Piegorsch suggested that the statistical significance
of the lymphomas in female mice might warrant a
stronger conclusion than “may have been related”.
Dr. Boekelheide questioned whether the contribution of
the hepatocellular neoplasms to the conclusion for male
mice was weakened by most of the neoplasms being ade-
nomas. Dr. J.R. Bucher, NIEHS, suggested that termi-
nology consistent with previous reports would be
“hepatocellular neoplasms, predominantly adenomas”
and that, of the effects in female mice, the hemangiosar-
comas were the most significant biologically.

Dr. Roberts moved that the conclusions be accepted as
written, and Dr. Klaunig seconded the motion.
Dr. Piegorsch argued for inclusion of the malignant lym-
phomas into the some evidence conclusion for female
mice. Dr. Bucher observed that lymphomas historically
had a highly variable incidence, and Dr. Hailey
described some other NTP studies in which similar inci-
dences of lymphomas were judged equivocal evidence or
no evidence. He added that the site of origin (spleen) of
the lymphomas in this study was not unusual.

Dr. Piegorsch offered an amendment that the lymphomas
be included in the list of neoplasms supporting the
conclusion of some evidence for female mice. Dr. Ho
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seconded the motion, which failed by a vote of seven to  mas in the female mouse conclusion. The amendment
three. Dr. Roberts offered an amendment that the hepa-  failed for lack of a second. The original motion was then
tocellular neoplasms be listed before the hemangiosarco-  approved unanimously with 10 votes.
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INTRODUCTION
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ELMIRON®

CAS No. 37319-17-8

Chemical Formula: H-[C,,H;,05(0SO;Na),] -H (where n=2 to 12)

Molecular Weight: 1,500 to 5,000

Synonyms: PZ68; pentosan polysulfate sodium; sodium xylan polysulfate; xylan hydrogen sulfate, sodium salt
Trade names: Cartrophen, Fibrase, Fibrezym, Hémoclor, SP-54, Thrombocid

CHEMICAL AND PHYSICAL PROPERTIES
Elmiron®, a white powder, is the sodium salt of pentosan
polysulfate, a semisynthetic sulfated polyanion com-
posed of B-D-xylopyranose residues with properties
similar to heparin. It is slightly hygroscopic, with a sol-
ubility in water of 1 to 10. The pH of a 10% solution in
water is 6.0 (Merck Index, 1996).

ProDUCTION, USE,

AND HUMAN EXPOSURE

Elmiron® (pentosan polysulfate sodium) is prepared by
reaction of xylan with sulfonic acid in pyridine to give a
pyridine salt. This salt is treated with an aqueous solu-
tion of chlorine dioxide to yield a white precipitate. An
aqueous solution of this precipitate is reacted with 5 N
sulfuric acid and hydrogen peroxide. The reaction mix-
ture is neutralized with 5 N sodium hydroxide, bleached
with chlorine dioxide, and dialyzed until a negative test
for sulfate ion is obtained on the outside water. The dia-
lyzate is then concentrated to yield the solid sodium
xylan polysulfate, which is purified by crystallization

from an ethanol-acetone mixture. Elmiron® is used for
the treatment of thrombosis and hyperlipidemia in
Argentina, France, Great Britain, Italy, Mexico,
Portugal, and South Africa (Tardy-Poncet ef al., 1994).
In the United States, it has been approved by the Food
and Drug Administration (FDA) for the relief of urinary
bladder pain associated with interstitial cystitis (Alza,
1998). The recommended dosage for urinary bladder
pain is 300 mg taken orally in 100 mg capsules three
times daily. Because of its stimulating effect on fibri-
nolysis, Elmiron® has been used clinically in the treat-
ment and prevention of thrombotic disorders (Joffe,
1976; Vinazzer, 1984).

Human exposure to Elmiron® in the United States occurs
primarily in the treatment of interstitial cystitis. An esti-
mated 450,000 people in the United States suffer from
interstitial cystitis (Alza, 1998). No exposure guidelines
have been recommended by The American Conference
of Governmental Industrial Hygienists, the National
Institute for Occupational Safety and Health, or the
Occupational Safety and Health Administration.
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ABSORPTION, DISTRIBUTION,
METABOLISM AND EXCRETION

Experimental Animals

Radiolabeled (tritium) pentosan polysulfate (5 mg/kg)
was administered orally or intravenously to Sprague-
Dawley rats (number and sex not reported) (Dencker
et al., 1985). The rats were terminated at selected post-
exposure time periods (4 hours after intravenous and
1 hour after oral administration) and subjected to autora-
diography. Radioactivity was distributed extensively in
the whole animal with notable amounts in connective tis-
sue and lesser amounts in bone and cartilage. Detection
of radioactivity in the upper intestine suggested some
hepatic excretion. The most notable observation was the
high concentration of activity in the urine and the pref-
erential localization of activity corresponding to the lin-
ing of the urinary tract (pelvis, ureter, and bladder). The
distribution after oral administration was similar to that
observed for intravenous administration, but the activity
was lower.

Pentosan polysulfate (labeled and unlabeled) was admin-
istered intravenously to groups of two or three
New Zealand White rabbits at doses of 6.3 to
12,656 pg/kg (Cadroy et al., 1987). The disappearance
of radioactivity from the plasma was triphasic. The half-
lives of the alpha phase (distribution) and gamma phase
(residual radioactivity) were 1.8 to 6.8 and 189 to
309 minutes, respectively, and were not dose dependent;
similarly, the volume of distribution was not dose
dependent. The half-life of the beta phase (disappear-
ance) was dose dependent and was 15.1 to 18.6 minutes
at 6.3 to 316 ng/kg and was 17.8 to 31.8 minutes at 632
to 6,328 pg/kg. The half-life was 41.5 minutes at
12,656 png/kg. The clearance of pentosan polysulfate
was reduced with increasing dose, suggesting a progres-
sive saturation of a clearance mechanism.

Humans

Only parenteral routes of administration were used in
human studies. Studies using iodine radiolabeled
Elmiron® and heparin radiotracer techniques were devel-
oped for use in toxicokinetic studies (MacGregor et al.,
1984); the use of 3°S- and *H-Elmiron® was problematic
because of the loss of the label from extensive metabo-
lism and the difficulty of recovering a sufficient amount
of labeled material for counting. These radiolabeled
materials are usually administered with unlabeled
Elmiron® in chemical disposition studies in which a
competitive binding assay for sulfated polysaccharides is
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used to measure the concentration of Elmiron® in bio-
logical fluids.

Five healthy volunteers (four male and one female) were
administered subcutaneous injections of 75 mg
Elmiron®; plasma concentrations were measured with a
competitive binding assay (CBA) that used 123I-heparin
as the tracer (Dawes et al., 1986). The absorption was
variable, with an area under the curve of 6.7 to
12 pg/hour per mL of plasma. Maximal plasma concen-
trations were achieved after 2 to 3 hours and were 1.3 to
3.1 pg/mL. Clearance from plasma was almost complete
after 7 hours. The recovery of Elmiron® from the urine
ranged from 2.9 to 4.1 percent, and the correlation coef-
ficient between the excretion rate (ng/hour) and plasma
concentration for the five subjects was 0.69. Activated
partial thromboplastin time (APTT) determinations and
antifactor Xa clotting assays were used in conjunction
with the CBA. The results of the APTT determinations
were consistent with those of the CBA. Antifactor Xa
activity was detected in plasma even after the clearance
of Elmiron®, indicated by the CBA and APTT.

Elmiron® was administered to two male and one female
volunteers at weekly intervals, and a CBA was used to
measure the clearance of Elmiron® from plasma
(MacGregor et al., 1985). When administered intra-
venously, the mean half-lives in plasma were 7, 21, and
55 minutes at 1, 10, and 100 mg, respectively. Elmiron®
could not be detected in plasma after the intravenous
administration of 0.1 mg. Following subcutaneous
administration of 100 mg, plasma levels peaked at
120 minutes. Elmiron® was completely cleared from the
plasma at 480 minutes postinjection.

The organ distribution and catabolism of Elmiron® were
examined in five healthy volunteers (MacGregor ef al.,
1984). Three subjects were injected intravenously with
0.1, 1, or 7 mg Elmiron® (unlabeled) containing an
iodinated derivative (123I—Elmiron®). A volunteer was
administered the intravenous tracer alone and then the
tracer plus 50 mg Elmiron® at 3-week intervals. A fifth
volunteer was injected subcutaneously with 50 mg
Elmiron® containing the radioactive tracer. Clearance of
radioactivity was biphasic. The half-life of radioactivity
in the blood was 13 to 18 minutes after the intravenous
doses of 0.1, 1, and 7 mg 2 1_Elmiron® and 45 minutes
after the 50 mg subcutaneous dose. Ninety percent of
the radioactivity was removed from the blood within
80 minutes of intravenous injection and within 240 min-
utes of subcutaneous injection. The remainder of the
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radioactivity was removed in a second phase within 24
to 96 hours. Initially, the clearance of the drug from the
blood and plasma was similar, but the radioactivity in
plasma decreased more rapidly than in whole blood due
to the progressive association of the tracer with the
packed cell fraction. Following subcutaneous injection,
radioactivity was detected in the blood within 5 minutes
and peaked at 80 minutes. Radioactivity was detected in
the urine within 1 hour following intravenous adminis-
tration. During the 24 hours following administration by
either route, the average recovery in the urine was 31%
and did not appear to be dose-related.

The metabolic fate of Elmiron® was also examined using
a combination of gel filtration and Polybrene binding
techniques (MacGregor ef al., 1984). Following intra-
venous injection, Elmiron® was rapidly cleared from the
plasma but returned later in desulfated form. Removal
appeared to be slower when the tracer was injected sub-
cutaneously with 50 mg Elmiron® than when used in
conjunction with lower intravenous doses. The authors
speculated that the most likely sites of desulfation were
the liver and spleen, which are rich sources of sulfatases.
Analysis of postinjection urine samples showed the pres-
ence of not only sulfated Elmiron® but also desulfated
macromolecular and depolymerized Elmiron®. The
metabolic fate appeared to be similar with either route of
administration.

Photographic images obtained at S-minute intervals 7.5
to 47.5 minutes after an intravenous injection of 1 mg
Elmiron® with radiotracer into one human subject
demonstrated progressive uptake by the liver and spleen
(MacGregor et al., 1984). After 50 minutes, 60% of the
dose was associated with the liver and 7.5% with the
spleen. After 3 hours, a profile scan showed that 60% of
the radioactivity was found in the liver and spleen and
13% in the bladder. After 43 hours, 37% of the radioac-
tivity was retained in the liver and spleen. Over an
18-hour postinjection period, the urine contained 37% of
the radioactivity. Stool samples collected 18 and
42 hours postinjection contained 0.13% and 0.07% of
the radioactivity, respectively.

PHARMACOLOGY

Elmiron® has significant anticoagulant properties in
humans and animals. A single dose of the drug produced
a significant increase in plasminogen activator activity
for 3 to 6 hours when administered orally (500 mg) or
subcutaneously (50 mg) to six healthy male volunteers
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(Marsh et al., 1985). It reduced thrombin generation,
impaired the generation of chromogenic antifactor Xa,
and increased levels of lipoprotein lipase and euglobulin
clot lysis (Fischer et al., 1982). Following intravenous
injection of 40 mg pentosan polysulfate (the free acid of
Elmiron®) to three healthy humans, a significant prolon-
gation of prothrombin clotting time occurred (Scully
et al., 1983). Subcutaneous or intravenous injection of
pentosan polysulfate to healthy volunteers increased
fibrinolysis without evoking the release of tissue-type
plasminogen activator (Sie ef al., 1985). Pe